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Background and Objectives:
Reports indicate that hypovitaminosis D is extremely common worldwide and is reemerging as a major health problem globally. In the present study, the main objectives were: 1) to examine whether healthy men and women living in Ahvaz have adequate vitamin D status; 2) to assess association between vitamin D status and some cardiometabolic risk factors.
Materials and Methods:
This was a cross-sectional study which was part of the National Food and Nutrition 
Surveillance (NFNS
Introduction
Upon discovery of vitamin D and anti-rachitic properties of both cod liver oil and solar beam, it was naively thought that vitamin D deficiency could be simply eradicated from the world (1) . Reports indicate that hypovitaminosis D is extremely common worldwide and is re-emerging as a major health problem globally (2).
Vitamin D is provided from food sources or is synthesized in the skin after sunlight exposure. Natural sources of vitamin D in foods are not sufficient to supply the normal body requirements, therefore, skin synthesis of vitamin D after ultraviolet radiation exposure is the main source of vitamin D (3). Regarding the significant role of sunlight in vitamin D synthesis, it is assumed to have a low (12) . An inverse association between vitamin D status and cardiometabolic risk factors including adiposity, glucose tolerance, lipid profiles and blood pressure has been supported in a number of studies (13) (14) . Thus high prevalence of hypovitaminosis D may increase the incidence of these chronic diseases, especially cardiovascular disease in the future. However, the evidence of associations in different populations is scarce.
In the present study, the main objectives were: 1) to examine whether healthy men and women living in Ahvaz (a city located at the south west of Iran with high amounts of sunlight all year round) have adequate vitamin D status, and 2) to assess associations between vitamin D status and some cardiometabolic risk factors (CMRFs).
Materials and Methods
Study design:
This was an analytical cross-sectional study which was part of the National Food and Nutrition Surveillance (NFNS). This is an ongoing population-based survey conducted periodically in Iran by National Nutrition and Food Technology Research Institute (NNFTRI) with assistance of United Nations Children's Fund (UNICEF) and Nutrition Office of the Deputy of Health of Iran, Ministry of Health (MOH) to assess the nutritional status of a large representative sample of the Iranian population over time. The ethical committee of NNFTRI approved the protocol of NFNS and informed written consents were obtained from all participants in the study.
The subjects were excluded if (i) they had evident diseases (diabetes mellitus, cancer, etc.) or (ii) they were on any form of drug treatment with possible effect on vitamin D metabolism. After screening, a total of 235 apparently healthy women and men aged 20-60 met the inclusion criteria from the city of Ahvaz (latitude 31.3 o N, 48.6 o E, south-west part of Iran). In this study, high body mass index (>25 kg/m 2 ), low high-density lipoprotein cholesterol (< 40 mg/dl in males and<50 mg/dl in females) and high triglycerides (>150mg/dl) were considered as cardiometabolic risk factors. Anthropometrics: Anthropometric measurements including weight and height were taken using a standard digital weighing scale and stadiometer, respectively. All measurements were conducted by trained staff and quality checks were performed regularly. Body mass index (BMI) was calculated as the ratio of weight (kg) over height squared (m 2 ).
Overweight and obesity were defined using the BMI range of 25-30 and more than 30 kg/m Serum lipid profile including triglycerides (TG), total cholesterol (TC), low-density lipoproteincholesterol (LDL-C) and high-density lipoproteincholesterol (HDL-C) were evaluated by enzymatic methods (Pars Azmoon, Tehran, Iran) and an autoanalyzer (Selectra E; Vitalab, Holliston, the Netherlands). 
Results
The main baseline characteristics of the studied participants are presented in Table 1 . From 235 participants in this study, 50.2 % were women. The mean age was 37.6 ± 8. Females were found to have significantly higher BMI (p=0.047) and serum HDL concentrations (p<0.001) than males (Table 1) .
Distribution frequencies of 25(OH)D values are given in Table 2 
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Discussion
Our study demonstrated a high occurrence of undesirable vitamin D status (approximately 94%) among the participants. Hypovitaminosis D was common even in people with self-reported sun exposure exceeding one hour per day.
There are several studies reporting low serum vitamin 25 (OH)D in populations across the world in both sexes and all age groups of the population, including over 84% of apparently healthy adults of both sexes in China (16), 90% of the population in Qatar (17), 70-97% of population in Canada (18) and 51% of adults in Hawaii, a very sunny region (19) . In this regard, two points must be taken into consideration. Firstly, in all these, and many other studies, the cutoff used for serum 25(OH)D to define vitamin D inadequacy is 75 nmol/L (16) (17) 19) or even higher (18) . In the current study, we categorized calcidiol concentrations less than 50 nmol/L as poor vitamin D status, according to the Institute of Medicine (IOM) (20). With higher cutoff points, almost 100 percent of the studied population could be considered as having poor vitamin D status. Secondly, some studies confirm our findings that living in a sunny region does not necessarily protect the residences against vitamin D deficiency (19). Sun exposure behaviors and socio-cultural factors are important determinants.
In the present study, women had significantly lower mean vitamin D levels than men. There are reports that vitamin D deficiency or insufficiency is more severe in women (21) (22) . This difference may be due to higher fat mass in the female body. The other explanation could be type of clothing in the Islamic countries which leaves little of the skin exposed to sunlight. Although Ahvaz usually has a sunny climate almost all year round, local people usually avoid direct sun exposure due to many reasons including cultural issues, excessive heat and potential health risks of solar exposure. Air pollution and limited outdoor activity probably also plays an important role in big populated cities (23) .
Our findings showed a significant association of hypovitaminosis D with BMI, which supports previous reports (24) (25) .
Noteworthy, risk of overweight/obesity rose significantly as serum 25(OH)D declined below 46 nmol/L.
An inverse association between vitamin D status and adiposity has been supported in a number of earlier studies (14, (26) (27) (28) . However, the mechanism underlying these associations is not fully known. There are some proposed mechanisms for the impact of vitamin D on adiposity. It was proposed that the association between serum 25(OH)D and adiposity could be explained by an increased sequestration of 25(OH)D in the larger body pool of fat of obese subjects (25) .
A study showed that the increase in blood 25(OH)D concentrations was 57% less in the obese than in the non-obese subjects 24 h after exposure to an identical amount of UV-B irradiation. However, the content of the vitamin D3 precursor 7-dehydrocholesterol in the skin and the percentage conversion to pre-vitamin D3 and vitamin D3 were not significantly different between obese and nonobese subjects (25) .
On the other hand, vitamin D deficiency results in hyperparathyroidism which elevates calcium influx into the adipocytes wherein lipogenesis is enhanced by calcium. As a result, weight gain may be promoted due to the increased PTH secretion (29) (30) .
This association between vitamin D status and body adiposity suggests that undesirable vitamin D status may play a role at the early stages of number of high BMI-related chronic diseases. Although this does not prove a causative effect, it is highly suggestive and warrants further clinical trials.
We found no significant association between vitamin D status and lipid profile components. Several studies have reported the relationship between circulating 25(OH)D concentrations and lipid profile in different age and sex subgroups (31) (32) (33) (34) . However, in some other studies no association has been observed (35) . The relation between vitamin D status and lipid profile is, therefore, still controversial and needs further well-designed randomized controlled clinical trials (36) .
In the current study, all serum samples were analyzed in the Laboratory of Nutrition Research to eliminate inter-laboratory variations. However, our study has some limitations. Because it was a crosssectional study, we cannot be certain that vitamin D status affected BMI rather than vice versa.
Conclusion
We found the high prevalence of hypovitaminosis D in apparently healthy adults in Ahvaz indicating that living in a sunny city cannot necessarily be protective against vitamin D deficiency. Our findings suggest that the high status of vitamin D among the adult population is associated with a substantial decrease in body mass index.
